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B 1^° If 3£(optical path) 3AI SxICHI IT sldMM A|±g°1 S^&Xh 5fg# gtrOj if 3»2fAI 

if 4= se? §^ a- t ismhh Ai^gj s^bai smofl °itf if &ai sxit mssfe mi a =2101 21 a. 

■S W3m [0=3. Er§ £V CrSS ifdHl S^S^ fiJB|BXh ilrS ^DS Sfxl. & §*L ±*lg XllOl S*. If 2fx|£ 
Sqsi »£!£«2J SfA||7|2J SxH got & 35 °]£ 3£f Sxl. ErS" QS §x|2 r E r § MSTIIrSS ifdHl S^or 

= g^BAH ?b|*Hl-2t= If fld^HH Al^gJCHI 5}gE| = if 35 &A| *fx|(H| 2ACHA1, £7\ SqEWB SSrOI S^S UhS 
S St'2(HI £I^5^E1 S^ifS Ai^SJ E r g51 MS iJSer?! £l£f Cte7H2| EHJ53 g ifg &x|2k ±38 Sx|2| 2f2f£J gq 

BAHHI S^EIOI, £f?| If §x|5^E1 gjqs IfAisi g?IA|?PI ?l*f Q40H^ If £71 Sxl §! £f?| If S?| SfxIS^EI gS>IS. 

IfdsM S^Or ErI!5J §i ^gSKH lfA!271 gJ^S If £I2£HH A|^S2| S^EfArS ifltf *M. £f?l A1ICH &x|5^E1 2 

^if£ Er*?S §SS OlgSrOI If 35 2HS 3#Sr01 #^5^1 ?l*f ErUS M 3§ Ifxlfi mW>W OI^CHAIDI. &7\ If 35 £jg £ 
g S4f Sx|2J gfs AlZfOI £91 E1S51 5 4*3 SxIWI °J*H IfdsOll tfSS If^S ^DFAI StOOOfl 3101 if 3£ 

sai sxph xissd. 

OJi^ 

^6 

2ASA1 

ElSg STS0I Sj§3^ if OOAIE. 

e 2^ seh ?i#chi mm n^u g# Mgsra if ssm sais^ gfs°i ^se. 

E 3S gEH [Q-s 72}- g- A | in ^31 Afg5fCW if gSg gfAlofe gfgSj ^«E. 

E 4a= SEH 71^01 COS If §X|°J §^ XfS gfg if xH^S Alg^hOI if 3£S SAlo^ gf^°l gSE. 

E 4b^ E 4a£| £^^ A-AA21 B-BBCH1A12J if^sSJ D}§ ^ffllEg. 

E 5a^ ae.»(S! MxM if Al^g!£J ?SE. 

E 5b ^ ^xf^j S (feed-forward) ^EHS if S§ 21^ S6f Sxl°| 

E 5c ^ Eisjg(feedback) «EHS if 35 °JS ^4' fi^f &xl°1 ^SE. 
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... 

E 7a ^ g = 1TS2J geoj AU^IS ErSS! §£5 Si*f£g«| EHjS s §• gs§ gAICHI %l= lr §^ ^SE. 

i 

E 7b ^ gE £1 = 21 AOS EHI3! sog ^jjtog^ E ^ej s ^.^^ If gAIOil Z[= U ?gE. 

E 8a S S I> h §2] gig AIM OH [&g if gg &AI A|±*'8 LH§t^ 4 x 4 lr 1I2£HH A|±g2| gi^gE] g*J ?2E. 

E 8b= E 8a 2J *||01g-x|2| H Old SOU CQ-EhE!B C-CC2I. IrtldgHH 2f Eje*EW2| EHJS g tfg §"XlOfl 2) 

oH E1gj51 SOI tJSS! U£J£2J WI AIE. 

E 8c= E 8b2| liiis^ E 8a2| Ehg!5! M 3 § §*J0fl °|$ L s g§ §£|2J 7] ~ Ai SOfl [Q . EF g gg (j^^ 

E 8d^ E 8b 21 g-£J£7KE 8a2|lf 2|£ £4' fig. &XIM 2JoB & 2|£ ££21- EhgJSl ^01 ^Aj2°| 01IAIE. 

♦ ESEl ^fi^^Ofl CHt.^S21 ♦ 
510 : D}§- ejQg §x|ooo 520 : IT &XI * 

530 : If 3S EjS £g fi# §X| 531. 536 : 1x2 ?tSB1 
532. 535 : lr ?M lr±l7l 533 : SJS flow 

534. 537 : If CKJIEE 538 : ElSjS MQ\?\ »<> 

540 : E r S OS 550 : W|Oj §X|o 

610 : EhgK S Vg S-xf 620 : 1 x2 # g7| §*| 

630 : Ehgj5! B Sxl 710. 760 : m^ OH 5 

720 : 2x 1 EhS □§ 9\MS.] 730 : fi= ©=! 
740 : 3ff SSa 750. 780 : E^51 g 1^71 

770:S=S^a 

IT32I ~AI& £3 

B ITSS m 3S(optical path) &AI &X|M 5>tl 0^ £MlftPI = © fld^HH A|^g!2| gJS?Btt B^S SoKH U" ggf &AI . 

W 4 SiE^ ShS © lldgHH A\±m gj^BXr B10II 21*1- 1J- gl SAI gxlOli BtJ- 2010. 

lr gSg.f, © 3 ^(optical transport networks )MA| IfdHfi ^^i!or^ ^ EM* 5^x|^^g 31S r ^ biE2r ir 13(optical link)S ^? 

3EII2 If S^OilAI^ OlEi*]- & 351 E r § ttVD5»4 (Wavelength Division Multiplexing) &#iJ 7|#S Ar#5rCfl S2J2J = 
SWIZHH flStta. 

E IS 0|£1*h §■ 3B&2J Stf AIOISAI. & SS^CHI Er&^&OI SCfe 7r§5rWI 37H2J ErS I. 2. 32J D-AisM Er§ QSshCH §• 
2#ori3 2f Ur§2J ©AJSgS 2| kEOIIAI =S5!£§ Er^S^rOI ^ S'XlZHHI lr 3S7r ^SSrSJCh 0IIIH Er&SWCrS ttm&m 
t[?\ [IHSCHI SrU21 & H3CHI 2 ?H0|^2| © §S7 r §AI0j| £XH^- 4 SiCK 

01 Sr b:E(HIA12| Er^US XH^SSrCH kE3 MSHS{ (traffic) ^Lr ITDH £r§S S«|§S oHSSf ^ Sl= 

Et>. ^ &XI2t2J Ajs; ^aiq| EP| [JJ| 5(H| ^ d|EH2J &X| 51 ill LI- 3£ ajs h^aj^ «fn ^s^- ^ 

2i= ^SS(transparency)* ^^CK 

Oiem © Sfe^SJ hiEQII^ Er&gS ©AjSS Er^UW ^ © SI^^HH AI^OI ArgSQ. 

3EIJ2. §• 2!eS-(HIA|2J © gg^ © Sl^tgUH A|^S2J Er^D 4rEH(HI COEI- 1§E|D1. SQ ^x-05j^5= © 11 2 "HH AI^H LH^2J g 
^ ?l g &x| 2| ± 9| s # EH (HI [fiEU § & D. 

HajlHI Bs CHB © tl^gHH Al±g|2| gx|71 °r SS AI^ISS^EI ^s oajf Qg 2g5fg g° lr SS7r £T= 

eich s ssywi smm wsaisjo. 

if S^S SS2J Aig|^g S0 |7| ?|$H ^ E^&XlOflM S^EI^ ^ EI-&2J lr i!22J g ggf 3A|«|0» V 
01 fJH 7IS2J S^S sai JCH^ SAISH2 © ggf SA|sh= ^«Q| S2^0|Q. 

SfflWI WBS 1/ 2^(HIA|2J If ggf lfAISh= g^g £ 2 LH XI E 4b0fl EAIEICH SiD. 



E 20U1 £dS>= Ifd(£2J ffii ?Ef4 CH^2J g^SAI Sf^ A|^2j H°*f EKS5! g(pilot tone)S 9» SfxIOflAI 2f ifdH0H3lf£ 

£ 2°| EF9 i(Pj) = EH>'51 § p[ ifSS ID30I i°! ifdS:M'££fCK 

2* h:E2J EH*5! 5 Si SxlOHAI ifdSOfl tfg£! E|g.'51 €fi 2§m9 2* EHf°l ^22) if 251 gfAIW 4 SICK 
3E1LK ifd2<HI iJSS EHiS 501 2f4E|A| SfH QtJtPI ?|SBA| = EH! 51 521 4EK4=7f ifdSSI Si ^H^Ofl CH*f if g^ 

?i2j mm °KHi ?ixisBOf*fCK 

nam m aassi ?iai if 3S£f°i §■ g^i 47h*f ?h oi^oi eis. ekssi 501 tan? 4 si= ch*?^ mmn 
mm ch^oi goHS &01 eich §g mch^ck heihs m§ ai^ej e^s 5 ch^oi *tsEi?i tin soil. 01 »bi AF§ms & 

S^OilAI gAIOil AH if 471 XfltfS BPO El= SSIIgOl 4S2iCK 

E*t 01 £1 ElliS! 501 §A|(HI if S^ICHI EJ^l 3? if g2p|°l bldl* S2KHI °|SH ABsiS S^EJ *\L\^?\ 432JCK 
3EHAI waK 5 3§<HI Sl?^ Hf«*KM If 3£ 3AIWI SAW 4= SICK 

E 3011 Al if SHS2I in E AMD I CHI Zf if 3£0rQ ^E2] If Al SB^S EHf ttVOSftKN °!S£t If tld^HH AI^S!2J EM?S £fEHS STOI- 

lhh mm s-ej if ssm sai*kk 

□em *j- if uhoii if sssj 4?r s?i*ra inf MwagsHOf. sk= 3ai xb^si Ehg- ch^^oi x-n*m m=Q. 

E 4a(HI Ai if gg ^Al» ?|SJ if fldMHH A|±g|2J Zf S^BXHHI 9lx|*f if g^ &X|(410)°1 g^ AIS gf§(amplified-spontaneous 
emission) if xB^fi AKSSfOI if fldMHH Al^gJEJ Eh^S 4 V EHS BWhflD: 

if 26 ^^'(transmission loss)g S^for^ if S^I(410)2J ArS gfS ifS IH ME| -HH #(Fabry-Perot)E' El (420) g ^ 

2fA|?l £|5|a(feedback) MAIfflCh 

01 OH. SB^EI-HBS §E1(420)2| Er§S 2f S^EWDI-Q A15 QrS 5^5 ?f^EI=ai 7rSEI= a r §-S?l= E 4bSr ^01 ErS S 
IJCrSS IfdHEl Er&OilAI ErS ^DS &x|E| FSR(free spectral range)°fg 1013 g^ A>S ifg if xHy2J EhS"2| 2 S«OI Sth 

2f2f°| A>9 Ifg if xHaS 2f EUfSJ if CH 1S CHgSKH ^S if 251 [[}E r if tld^HH Al^gjfi #2FtfQ. 

□EHAI if sldMHH Al^l'21 2f g^BAKHI §^ Ar9 SfS if xBa^l EHfS efA r S r = if SIS7l(optlcal circulator)(430)2^ if^S HEH 
□ 3HIOIB (fiber Bragg grating)(440)S gmtW 2f g^ A r 9 &5 if xBy^J ?E^S SStrS if tldgUH A|iH2|-E^8 6fEHS 
a 4 2JH Olff gf §S Al^gJ^sl^EI 4=dtf SS2r UHHShS if 2^Sf°| if 2fAIW ^ °XO. 

01 UB. g^ ArS mm if XB^S if dS°| EHf2r Cl-ff Er§ S^S ArS5r7l UHgOil if d2 2601^ Or^S! St> F S ?A| Sf= 

D. 

HEIH CH^ WI71 if §E1(band rejection optical filter)(450)g MgtW E 4b°l g^ Ah9 gf§ if xBaSS 21 OH Q5 if sldgHH A|^ 

noil Ai gsj Ahs if in y as xhm§^ ^ °iq. 

nEiu oi ^s if asrssi ^s?h 5haiai if sst^i- sfo r Ais Ei-g Qgs^ if nnf ^7k?iaidi. g^ em if 

XB^OI AFSV 4 21= EUfS^OI sQ1=D= gXIISOl SICK 

E«h nBSE|-n«5 1E1. if^S MEH3 3E)|Oll!2f if fl2!7|2h CH^ AHI>| iflEIEr^ if IfxlfiOl i£g ifloKfl ^^El^ dlgOl 
5fQ= g^lgOl SICK 

a fe^s u ^ ^» S2H ^IgEI gXUgfi 7B1SPI SltfCfl °f§si 21^5 A), if tld^HH A|^°J gJ^ETAHHIAl 2f ejq^^ 

AfD^ 2Stf Al^°l E^'51 5S S^£l= H^2J EHf MWCfgE] ifdsS^^tf 40B. if fld^HH Al^g LH¥0||A1 E^51 Bw 3 
gShOI ifd271 if tld^HH A|^S°| Qibi S^BAKS^Ei SCH2KA) CHir a^BAKS LPhS AIM ^Of L J 4= SlEs if t|AigHH Al 
±SE| SjqBAI eiOII 2|«f if gS 3-AI SXIS WISSfe CO 3 ^gOI SICK 



Qt-OtOI tai oi »a 

SfAl ^S*f UI2I- m= ^38 ^SoK^I 91^ B irSOfl ttlilS. EKS g^CKSS ifilHff a^l^S S^eAL uKlf ^CKS SXL if 
§ &X|. ^$|*' AHICH IfXK if ^?l§ SxIg^EI ifdHS°J ifA1l?|EJ S^S #01 m^tt= if 2£ S£f §x|. EKg- C| 

g SXI S! Eh5f SWCKgS ifdHl §^5fe §^BA1S ^bltKH Sl= if tldSUH AI^SOII g§EI= if 35 3AI §x|0|| S1CHAI. 6f 
?l S^BAKHI g^EIOI. ElSf gWCKgS ifdSOII Sl^sl^EI a^W= Al^°l Ef^'51 E# if^SJOl g^5^l ^Itf Ch4=?H2| E^5! 5 
tf^ 9X1; 6f7| if ^^IS Sfx|°| 2f2f°J g^BAKHI S^EICH. ^f?l if SxIS^EI gqg if d 5:1 £7\k\?\7\ 9\& O^W^i if 

g?l Sxl; §j 6f^l if g7l SxIsl^EI S7|Ei IfdSg S^^Of EIS51 ES *#thO) ifd±7h S^S if sldSHH A|^^!°| S^BAh 
S B^*f =011. £?\ MQ\ &x|S^E1 ej^^S Er^D §Si OlgSIOI if gg £|?S 2#ohO) g^S^I ?|*f EHJ3J g S# § 

XI fi i*fohO) OI^OiAIOI. ^f7| if SI °IS ^4' SfX|°J Sfg AlZfOI E^'51 5 ilo SxICHI if 5:011 tf=S! E^51 5 
DKAI aOH7l(HI SgSI SSfS 301 sgoj ^ gg 2"A| gx|7|- X1ISSICK 

ech HHf5jSK7fl=, s ^soii tins. ^f?i ui^'51 e tf«5fxi=. ?m if Aisai s= ifs ek§ cjgms^ sig c^g ?iiei; 
s= if§ ^^oia if dsi s^shs ohh; mm mmw oiiuaim s= ifs; s si^s^ei ihgei son °j 
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3D UtBS|«PI£. B HfSOtf [0=3. EH>'5J S tf£ §x|=. 3 = 8 §2£fOr gj^=! IfdSg §^Sr7l ?l£f OHS'; |* 
, OHUCHI il^g^EI S^S ^o.ei son HJSH 059 3^8 §=or7| ?|*f 1= S 5SS SeWKN. #71 1= 2HSI2J ^o.ej s 

• £S £28 KM tf«8r= 51 i§2§ 8r= If gg gfAl £fx|7r AHIS&Q. 

bHf*!8r?1l£. B ^SOfl [fl§3. #71 ErSIS! 5 tfg §x|£. glf #X|°J 2!i 5S£S § r = & 2fAI Sxl7 r XflSSa. 

MQ UrIf5!Sr71l=. B (HI [[IMS. #71 HrHSJ B tfS Sxlfe. 25! If*f £2 SxIS 21 1922 5fe If g£ 2fA| #x|7F Xilga 
CK 

SD bHT5!of7flS. B ITSCHI KrMS. #71 B 3§ §x|^. 5§ g}» BA>2] EHIS ESS S2\o[= CH^ B2r 012r#X|°l 21 

^9£M 5^Ig£ 2fA| Sxl7r nSSD. 

SD bUfSISKHI^. g gJgOU [[feg. #71 H r fi5! B 2g §xl£. i§ gi» BXr^l ErgJSl Bl 7|S£Jh£ AfgSKfl 7|gd:2:2r §^?f 
E SB2J AH7IS1 gS38r£ ^-S §^ #X|°J 211 ^9£M 8f£ If gg 2fA| &XI7I- fllSSQ. 

SP UrlfS!8r7fl=, B ^SOfl & oj S £ tf e M 2| a5 gxIS ¥ 7r£ 2fi|7|3 ArgSfe 211 1923 or 

= & S3 SAI SXWHSSQ. 

sp hh^s^i^. s its (hi ross. #71 a- sg °jb s# g-xis. gsj im 92 #xig a 7 r g 9371s A r gs r ^ si i§£ 

OhEHCHIAi. a tfSOl [QB If 1ISBHH Al^gJSJ gj?M£W BAN 2ISJ - If 3S SfAl SxISj gfttf ^AlOfll S^tT ESI »5S *HH # 

jmisi ssarap. 

SSOilAI. E 5a= g^sjoi MxM IfSlilSUH A!ii!°| ^EOID. 

S3 CHI EAI& bh2|- STOI. fije»B»2J 2!47h MOIH SB1EW2J 21471- M°] ajufwoj MxM Sf f|<M«HH Aligs. a^gfs 1 ~ N ei-s- 
01 MWChfS idSg S1DS9K)1 ^^oh7l S|£> M?H5J JxN Eh§ §X|(510). MWS| HFS ^Qg 9XK51 # (DS^EraqElc D 

"Ei ifiiss emttot 2f a iisej & kw?\ mnm goi7i $1^ if bjs a# s«(53Q). if ^ a# sxKsans 
^ei aqas aiss Dsawwi ?m ms as sxi(540)g ^uism °ia. 

01731. gSfSjoj MxM g f|AigHH A|^gj2J §SfS #AflS| ^fflSS Q§]lf 

EfS^QS Sfx|(510)= 1 ~ N IfSOl gWQ§S! IfilHS^EI 2f2f2| ufSOil oHifo^ BEluhOI 2f2f£| EHfOfl 

ollge^ If i«S S»(520)S S^tfD. 

HEIH. If S»(520)= KHf ^QS §x|(510)S^Ei Wd2| §Sf S^Ofl 2iS H®2| IfAjSg gJ^^W ^?IU X1IOI 5fx|(550)S 

If 2S HJS ££J S# &xl(530)^ If lfx|(520)S^Ei S^tlS ^ If If All 71 SxH S« §q*CK 

01 if 3S 2JS S# &x|^ E 5b2J $x^S SEHS ^^5F7iU E 5c°J tl^S SEHS 4 °[Ck 

E 5b2| ^X^S If 2js fi^ gj. 7 ^ Si|7|(optical variable attenuator)(532) SKMAI If^sSJ S^g* 

B7|5r^ I x 2 7IMEi(531). IfilHS S7lil2:S SSfSfS If D0|2E(534). SSfg S7lijHS S^iTOr If 7hS ail 71(532)1 

XllOISr^ MQ\ 6JS1 M^SrS ^Xr^JS Xfl017K533)£K fl|01 ijHg gJ^gfOf If AII7I2J gfi|7r 7r»£l= If 7r9 lfil7l(532)g 01=01 

3EHAi If 7r^ S-il7|(532) SMHIAJ S7IS gj^ If d 2 CHI ti\mm If 7 r 0 2fil7l(532)l XilCH^hQI gjq IfAlSSj AH7I SxH 1SCK 

E 5c EiejS SEH2J If g£ 2iS S# SfxIS. XI! Oi ai^I gj^^Or If A1I7I2J gfi|7F 7raEI= If 7^ ifi|?|(535). If 7m S 
il 71 (535)1 S2rtf Ifi'HHJ ^'¥^1 M7l5rfe I x 2 711 £1(536). g7|£l gfAj^g g^lAj^g S&S^ If Q0|2E(537) 2=f=! S7| 
dHl S^^Or If 7r« gfi|7l(535)l Ail 01 All 01 3 SI #^5r^ E|S»S A1I017|(538)S OI^OiSCK 

HEHAI If 7r0 !fil7l(535) °mM M7|& gj^ If d 2 CHI bHaiSMl If 7hS ifil7|(535)l «|'oi*KM gJ^ lfds:2J AII7I ffixH 3SQ. 

KrS QS Sx|(540)^ If 2J£ a# &x|(530)S¥EH g!^EI= AIM CrS Ef&l If 25! oj^^Or Erlf Q 

SSfSfO) aq«D. 

tfS. AilCH Sx|(550)= gf IfEl Al^g£M¥E1 SSI ^AjtrOI gl°J If ^?|*J &xl(520)l WIOIttCK 

ESOflAi. 5. BBS gJgAIOUOfl (CIS g!^EW2J £^011 °J«f If gfAl AI^S^J qi«E0IQ. 

ESCHI EA|si IdfEh ^01. B ^goj °'*{A|0||01I gj^SA^ SgOII 2J*f if g£ ifAl Al^Sg. E 52| E'Sf^S MxM Iffl^BbH 
Al^gJWI g tfSSx|(610). 1x2 If M7| Sx|(620). IrE^S B gg Sxl (630)1 Q EtforW 

ur^5! B tf« Sfx|(610)^ If fl^BHH AI4S2J gJ^SAIDO A1^2| Bl gi^gfOr gl^BAIM #oH g01E— EHf 

3EHA1. S^BAIS 1CHS If 3 2^ ErgfOI AIM sEI-E a^ei g f W §o, e^ajseFE gJ^BXPr Cf 
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<E*h Er^'S e i^g ¥ flSgHH A|±g2| BXKHI S^SrCH § UH2| 2£ ^'(transmission loss)S £35r=r & m^ 3X1 OH 
, A r §EI = 1= 33 E= S= Allele g£g 95Sr01 2*EfS| ^ 21CK 

^. ^E°l E r |5J g tJg 3*1(610)1 AMfSrAI Sr v I2 E 7a 2 r 1*01. e|B| 3d 221- 1= 38 Er3 ^DSfr^fe 2 x 1 Er3 gWQS 54 
gE1(710). Si 3S g^rOf 3d SB s^ol= §^ OH §(720). OHI!(720)(HI Oil U AIM 32Sr^ S£ 3SK730). S= 3S(730)S 
^go^l S|*f S^S(740)£S 33S §^ 3*1 2J 3 ggj (740)21 A1)7 |s ^oiej s °^^|(750)(HI Al 1^51 gi^ 

— san a^&An ssroj fioi2= mscrssm 3d son ©as eb vgtmu. Ems § 3*K6io)B Mmtm an £ 

7b 2 r ITOI. B = 3^S(770)^g^Ei dl?S 82 3dSfi §^m= g= DHK760). 1= OH I! (HI dl?a S2Sr= g = 9§|J(7]0 
qi^a 9£*ll © §^ 3*I2J 15 d^S!(770)2J AII7IB ErS{51 B 71 (780)011 Al m^t} ErH51 i£g 95*f£SAH £J»BXr 
B SSrCB BCH2S ElSErSfl*' 3d 2 (HI U^S §§ 1J3W SID. 

01 3? If 3*1= EH/51 1 tJS2r & S^S MAI (HI SWI SILL . . 

1*2 3 £71 3*1(620)= Erg 51 BOI tfSS 3d2B IHJ51 igf 3*l(630)sl SyjCh 

El^'S E 2§ 3*1(630)= SdSS*?E< ElUS! SB 2 go 101 & AI5S2J 0\± S^EWS^EI gOIS ij-Ai^ojAlB IfOrtf 

$(HI. 5?l§ 7HICH Sx|(550)S^Ei EJ^S Eh°g §SS OlgSrCfl 2HB 315101 iq*rEh 

El^S S $1? HH^SaKflllr 3*l(band-pass filtertU ^-2! (lock-in) 3*l£ ^Stf 4= 21C1. 

*Ar2J 3^0)1 2,"- 1^51 g £fg 3*IWI 2J^E| = lli'S gi Sf-2!(HI !'S£J 715 AjSl Alg^rS £!Q. 

01*11. a Ifg°J g^'AIOllOfl (OS B^BXr2| &wm 2J*.r 3 IS ^Al Al^gJSJ ^Aflsl 4 h ffla3 L\m2l SD. 

13 St!" Kr^51 SOI tfSS ErSSWQSa E|g" ^QrSEEICH NxMJH^l lfA|se SEISO. 

3BII3. EIS2J ifAisig & ^?|g gXI(520)S SmS Cf§ & §X|(520)2J ^?IS ^EHOfl (O/Er & ^?IH Sxl(520)S^Ei 

g^S ^ai^oj ^^g fi g?\tlO\ E r ^5! B 2§ &xi(630)7H^51 2gS^HL 01 [II If <ySS ErS^S if ^?|g &XI (520)011 
gjqEISt7|HHSM ErS5! S S«(630)M gJ^E|= If £!S2J EHfOI QIDI'aSEIOI StEK 

[[fElAI. EFS51 #S ^53 If 1I2SHH Al^yEJ CHhi S^BWIAl S !f£!2°!A"|fi mitt 4= °{£H^ If ^$|*! &x|(520)°l i?|*J ^EH 
2f If 5I2MHH Al±ii21 EF°l} ^EHfi » 4 21 Q. 

3EIH. 01 Er?S 6fEH§ if 5EI Al^gjHJ Sg2^ U|i2orS 2f gfiJS^I If gSg 2fAIW 4 °!Q. 

1x2£f M7I &X|(620)(HIA1 fe h g if 4f7l If SS.2|^ £g fi^f. &X|(530)S gj^SD. 

E 52J gHrSjoi MxMS fl^SHH AI^SCHIAI if §2 2]£ ^4' fi^f §fx|(530)£ B^5| if ±?|§ lfxl(520)£^E1 S^EI^ ifiJH 
if A117I2J SXH SOI S^S^I WIS (HI Slg A|^0| f«| SfOS g SAil^J- 2JQ. 

□E1U B ^SWIAIS ^1 if ^4' fi^f -3X121 fifg AI2fO| 4^1 E|^51 E tt& §X|(61O)0fl 2iM tf«S! ErSS g« SiOH^I 

IIEHOf Er^'51 -E-e QS if fltfgUH Al^gOflAI AHA^S ^ 4 2471 UHS01I if 3^gf°| 9\7H iE 4^1- g^hSKHE MM 

IT 4 Si= E r ^5! S2| ?E r 4 CH^^S SA| Sf^EK 

if 33 2|£ fiAv g^o, gfg A] ^o 5 esj og E 5b y 5c oj g. 7 ^ &±\?\2i ueg AJZKHI 2JSH «T=Q. 

= If 2fil7l= §if E2H Olgtf Slf 95 SXIM 4 §5 101 ^SST 4 21HD). 25| g*t gxlfi AlfSfOI $5. 21 

CK 

gif 95 3XI2J gaie. Mif 22rS 01 if^S 9571°! 719 941 9g AI^OI 20 usee DIBOIHS 17.5 kHz ffl-SJSt EWft 

HE13 6f7| if gg 2JS a ^ &X|(530)1 S2 r *f 3 dH2| S3 A1I7IS ^OFAIJQ E^51 gJ r X| 21 01 3 Eh 
ir^E, g f 0 m g- t|AigHH A|5gj0flA| AHA r §W 4 21D. 

ESWIA1. E 8a ^ g ^SEJ g^'AIDllCHI CCrS if 3£ gfAl AI5gJg LHStf 4x43 5I2SHH A|5S'2J g^gEJ q»«ESAi. 2*0 
4x43 tl^gBH A|5gJ(HIA1 £J^E|^ 47H2J \, 3iJ2E9 StHIAI g^BAl lg E1^3£|^ 3 3SS 3A|§^OI gfitf ^Xl 
oFO) 4'S6r21EK " 

47H2J gq BAKHI ZfZj- ^oisj m 3xl(610)SA1 5E. 7a ^EH2J 3 5^ 3x12! 3^S §^7|g AhgShCH 2f2f 200 Hz 210 Hz 
220 Hz. 230 Hz°| E r S51 EM S^EI= E13 SWDSS 32S0fl IfgSlSCK 

OIOH E^3 Ef3S mS.M. 15949.32 nm. 1550.92 nm. 1552.52 nm2h 1554.13 nm OICK 

371 E13 ^EIS 3x|(510)3AI OiaiOlE £=E^ 3AKArrayed Waveguide Grating. SfCHS AWG)g AMI o 1-21 Q. 

a^EW IS El^UEl^ \, 3dS°l 3 321 3Alor^H^ 4x13 5?lxl°f2st ggso. 
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□Em ?7|5|£g 4 x 1 if A£|x|21 2g #EHB UH?7| ^S|§ J-flCH SxIS^EI 0.15 Hz°J HOIdSt ttg«KN 4 x 1 if ± 

, ?l XI *! SJHH B2| 2xlS XI 0[| §A|0II e^mSI!. ^ BSJ 2 x 1 if ±91x1011= *7I§ fiOI = Us 2x1(820)8 

A1g§101 £71 ±£1*' SICHAI22I Z7\m S*2S MO) SWShSQ. 

271 1 x 2 if £71 2x|(620)SAI 90:10 ?1SB1(830)fi AlgSISCh 

271 3§ §x|(630)SA| if DOI£E(840)21 BT-gj (850)1 MgSISH. 271 ±9|g X-HOUfxIS^EI 7l5iJS0fl SB§Sf = 

271 If 2S °JS S2 2x|(530)SA1 E 5c2J flSJS **EH2J. if 25? ghfc|7L 90:10 TlfiEI. if Q0I2E. RF 9HEICH 

WOMB. 722 2x1 fi AUS^Q. 

DIIB-S ?m &±I7ISA| if25? 712 gj±l7|fi EI5JS flCHSflSAI S2J7I21 RF 3HEI01 X&7\7t A^EISJQ. 

HEIIl a ffl 4 x 4 if t|£!£HH AI^StHIAI S^EIS 47H^J \, IfAJS gtfflAi H^EfA} IS Eh^HEI^ if 3SS BAIfttcQc 271 1112 

as sxi(540)?na sichai mmx\ sf°ta. 

E9HAL E8b = E 8a°| ±*|g HICH 2x|°| ±£|§ XII CH aJhCHI EUE1 C-CC2J, If &£&HH A|±B2| 2f a^E^2J g ^ 

2 2x| (HI 2|«H n^51 101 tf2S lfi!H°J OUIEOIQ. 

. ESOflAI SSOI. ±?|g XII Oi AJS7I- ?7|5?ES u^EIH. EW IS E1^SEI= \. if aj^EJ ^ i|Aig|j H Al^g,'2| S« BA>3 ± 
?I2 «I0) ajsHJ 2HH £7IS WSD. 

3 §21. 2f2f2J mas soi 2f B7HHM t^SS 47H2J »£i£7M x 1 If ±£|x|£^E1 ?7I*!£S gejEISiQ. 

3EIH 4JH Sfd'HSJ ifA-||7l SxK (s|HH - SliH S3 x 100 % . )= (2.20 - 1.80H 2.00 x 100 % = 20 % OISJQ. 

ESOflAI. E 8c 3 E 8b2J gfAJ:S7| E 8a2J 1^51 g .2f 2x|0il 2|*|. HH!3! g- gf &x|£J 715 ai^m [p.^. ^gsi S7 | ai^o, m 
AIEOIQK 

E3WIA1 SgOI. gg| §x|0j| gjqEIS Ifds^l H^'5i 501 715 AJs^2^ SJxItr S^OIIB 2# §x|2J g«0| 3HAIH 

ESWIA). E 8dS E 8b 21 IfdsPF E 8a2| If gg £JS gxlWI EJSfl if so| gfi|£| IfAi^oj W!A | 

EOICK 

ESOflAi figOI. 2f WgH S2J 37171 l^H. 47H IfdsSJ IfA||7l SxhE 20 %0flA| (1.74 - 1.67)- 1.69 x 100 % = 4.1 % S SCNsS 
CK 

5.^ Ssl □ §g if 71S ifi|7IS AlgS^ HfSiK 37121 if AH 7 1 Btm □ fig ^> 2iQ. 

= A1 ^Stf m\ ^01 S ^S°J if gS gfAl &x|= 7SOI ZfBSHB. HI2f if±Ahfi SfiS S1AI Sf7l [IHSQil ^71H|§0| SfOI 

SAI SfTfl El^ E2171 SiD. 

E*f. g ^S°J if SS gfAl Sxl^ »g bISSS if ggf if Als 101 if Sirgf£l Aig|^ S ^o, oi^i £ | S o, CK 

E*f. B ^S2J if 3S gfAl S-xl^ if gg gfA|7f ^a^o^ 0|^CHA|I1 2f2f2J if S|ai«hH A| ±!£WM ^ EE A1SIT 

^ SiSES. if 2^gf°| kE 4^2J S 71011 Ulttfi SfTil EI3 E2171 SIQ. 

E*t. g ^ h S£1 if gg gfAl §x|£ if f|AigHH A| Agioj o.ac^ ^d^oj ^oiej sDhg "fig ^ g EUfg^DSS! ifAj221 Eh§ 
^ S7HHIE XHtfOI SIMCHI C0E1 K1& ^ S71CHI »g »|«|0| SjQ^ 2 2171 SiQK 

OI^WIAI S ^woj & gg &A | gxiDj) CH *h 7ISA1£ffi g^ES21^))ll A1#^1«A|°f 013 H ^™EJ 71& 4'AIWIS WIA|5jES 

SOIAI g ^gg tigei^ 23= 01LID. Etf. 01 7|fiM0f2J l^oj A |A.g A h0|3 tp^LI £ ^™21 7|fiAf^2j 0! 
solAI SfS S9ILH01IAI Ch^fsJ- a EgfOI 71stf^ g^t! AI^OIQI. 

(57) 

1. ' 

if 6! 21 S^ir= gjqEW. ^DS SfxL if i?lt! &x|. «|CH SxL if a°|§ gxIS^EI S^S if^'2 
S2I if AH 71 2J SxH fid ^^513 if gS °|S SAf §x|. K1S CIS §x| ^ E1& S^QSS ifdHfi #^513 #^BA1g 
tm if slAlgHH A| Ayoil ^§EI3 if gg gfAl gxICHI °<0\M. 

271 gJ^BAIOil S^EICH. 271 S^BAH §5fO| u12 ^ QSS ifAjH(H| 2|^S^E1 E1^51 5S i^SshOI 271 K[ 

§ ^QS 2xlS §^S17I d^;h°i El^'Si g ^2 S*l; 

271 if ao|*j gx|£J 2f2f2J g^BAIOil S^EIOI. 271 if 2x|S^E1 SJ^ei ifAi^s g7|A|?|7l ?ltl C1^7H£J if g7l gx|; 
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g?\ If §S °JS a^f ghs AI^OI s gxiofl °|*D IfAisQII ifgg HtttS! gJfAl £00 Of] 

. 3301 ego] if 35 gfAl 

iJ^tf 2. 

XII 1 SOI SICHAJ. 

s Ai22|. i= ifg uhS- OSSWc i»S tfV QS ?1SE1; 
82 ifS g^SKfl if Ai Sg §^m= g= OH 1; 

§^ DHSOI WIUXI1 82*^ fi£ »S; S 
SI¥5¥EH DISS! 501 95£! SSM #71 Si ifSOfl S^s^l ?|£f SttfttH. 

#71 IfSiej S.= 2=1 1^=1 €25 »3tf£5^ assi gS tfSSHr 21S i3£g Sfe & 35 3AI §x|. 

g^tr 3. 

XII 1 ttOfl 2KMAL 

SSI SSBTOh ^Si §^71 *|*f g3f 0H§; 

#71 §^ OH 1' Oil 2I^5^E1 £J^S EfSIH son ^^e, 3 e S S3SK?) g * 3 s SS S*Jo[D\. 
#71 Si All 71 S UBS! S£5 IIHS51 ES Sgofe as 5S25 Sfe & 25 &AI #x|. 

S^t* 4. 

XII 1 4HW SJOiAI. 

#71 E^'S BttflSWIfe. 

88f 25 #x|°j 58 ^S:°5 Sffe if 35 gfAl #x|. 
5. 

XII 1 ifOfl 24CHAH. • 

#71 Efsjsi gtfs safe. 

S3 If*! 22 #x|°! 338 5S^5 Sfe If 35 gfAl #x|. 

g^tr 6. 

M 1 tfLHXI XI 5*fS01b*f*H))| SitHM. 
#71 i^ESI Sxlfe. 

^% bai°i e^'53 sem wm\= iw* S2i- cum §xi°j as & 33 2ai §xi. 

a=t*> 7. 

XII 1 tf LHAI XI 5*fS WJr *H *HHI 2UWAL 
#71 H^S! -B 2§ §Xlfe. 

Em 7I££!h5 A[gSh= Sf-°) g 5 21S i§2§ Sffe if 35 gfAl 

S^tf 8. 

XII 1 tt- LHAI XII 5 4fg 0)^ t» ifOII SiOIAl 
^71 If 35 Sxltr. 

s& 25 SxlB If 7f2 2fi|7|g Afgshfe 2!S ^S^S Sffe if gfAl §x|. 

s^tr 9. 

XII I tf LHAI XII 5tf§ 01i= tftfOfl SiCHAi. 
4 k 7l If 25 £M S^f SXIfe. 

2^ ifftf 25 Sxll if if±|7|5 AlgSffe 218 i§2g shfe if 35 ifAl &XI. 
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